ABSTRACT. The goal of this study was to detail the temporal and morphological parameters of the immature stages of Spodoptera cosmioides (Walker, 1858) and to gather information about their larval host plants. Larvae were reared on artificial diet and under controlled conditions (25 ± 1°C, 70 ± 10% RH and 14 hour photophase). The viability of eggs, larvae (pre-pupae period inclusive) and pupae were 98.97, 97.33, 97.95 and 94.76%, respectively. The average duration of egg, larval, pre-pupal and pupal stages was 3.82, 19.24, 3.20 and 14.81 days, respectively. A small proportion of females (9.48%) passed through seven instars, and female development was significantly slower than male development. The female larvae that developed through six and seven instars exhibited a mean growth rate of 1.63 and 1.49, respectively. Overall, female pupae were significantly larger, exhibiting slower development than males. One hundred and twenty six plants belonging to 40 families are listed as hosts of S. cosmioides, mainly including Solanaceae, Fabaceae, Asteraceae and Poaceae. KEY WORDS. Armyworm, artificial diet, development, life cycle, soybean pod armyworm.
The moth Spodoptera cosmioides (Walker, 1858) is a native polyphagous crop pest in South America (Pogue 2002) . The species used to be considered a synonym of S. latifascia (Walker, 1856 ) (e.g., Poole 1989) until Silvian & lalanne-CaSSou (1997) demonstrated that the two species are distinct, based on molecular, morphological, physiologic and pheromone characters. Spodoptera cosmioides occurs from Panama to southern South America, whereas S. latifascia occurs from Panama to southern United States, including Costa Rica and the Caribbean, except Trinidad (Silvian & lalanne-CaSSou 1997 , Pogue 2002 .
Spodoptera cosmioides moths are sexually dimorphic to the extent that males and females have often been misidentified as different species. Females used to be misidentified as S. ornithogalli (Guenée, 1852) (e.g., Biezanko et al. 1949 , Biezanko & Bertholdi 1951 , BertelS 1953 , 1956 , 1962 , a species restricted to Central and North America (Pogue 2002) . Males have been mistaken for S. testaceoides (Guenée, 1852) (MaBilde 1896) and S. litura (Fabricius, 1775) (ronna 1933 (ronna , 1934 (ronna , Biezanko et al. 1949 , and later, for S. latifascia (e.g., Carvalho et al. 1971 , tarragó et al. 1975 , SantoS et al. 1980 , haBiB et al. 1983 , SPeCht & CorSeuil 1996 . After the distinction between S. cosmiodes and S. latifascia (Silvian & lalanne-CaSSou 1997) was made, other studies on S.
cosmioides have followed, elaborating on its occurrence periods, morphology and biology (e.g., SPeCht & CorSeuil 2002 , BavareSCo et al. 2002 , 2003 , 2004 , SPeCht et al. 2005 , zenker et al. 2007 , CaBezaS et al. 2013 .
This study complements previous contributions on the biology of immatures and adults of S. albula (Walker, 1857) (Montezano et al. 2013a , 2014a ), S. eridania (Stoll, 1782 (Montezano et al. 2013b , 2014b ) and S. dolichos (Fabricius, 1794 (Montezano et al. 2015a (Montezano et al. , 2015b under the same conditions. Following the guidelines of the studies above mentioned, here the biology of S. cosmioides is described in detail including information about their host plants.
MATERIAL AND METHODS
The immature development of S. cosmioides was investigated under laboratory conditions in a rearing room (25 ± 1°C, 70 ± 10% RH and 14 hour photophase). Evaluations were performed daily at 2:00 pm. The initial stock had 12 couples, from 68 caterpillars collected on Fevillea cordifolia Linn. (Cucurbitaceae) in the city of Planaltina, Distrito Federal, Brazil (15°36'16.85"S, 47°43'06.57 emerged on the same day were placed inside cylindrical plastic containers (20 cm in diameter and 15 cm high). These containers were closed using plastic film, to which long filter paper strips were attached to stimulate oviposition. The bottom part of each container was lined with filter paper and sealed with a plastic cover (20.5 cm diameter). The larval artificial diet was the same used for rearing S. eridania, S. albula and S. dolichos (Montezano et al. 2013a S. eridania, S. albula and S. dolichos (Montezano et al. , 2014b S. eridania, S. albula and S. dolichos (Montezano et al. , 2015a . Containers were examined daily to record adult survival and to remove and to count the number of eggs in each egg mass. Dead females were dissected to determine the number of spermatophores they had received from males during copulation.
In the egg stage, the viability and embryonic period of 10,542 eggs (from 87 eggs masses) were evaluated. The egg masses were obtained from the couples outlined above and were representative of the oviposition period (including the first and last oviposition). Copulation was confirmed by the number of spermatophores in the bursa copulatrix, the egg masses from females with one (n = 7), two (n = 4) and three (n = 1) spermatophores were used. Every day, egg masses were individually placed into Petri dishes (10 cm diameter and 1.5 cm height) lined with filter paper moistened with distilled water until eclosion.
Larval development was studied using 300 neonates. The artificial diet used to rear the larvae was adapted from greene et al. (1976) , according to Montezano et al. (2013a Montezano et al. ( , 2014b Montezano et al. ( , 2015a . Neonates were placed in individual plastic containers (300 ml). A small wad of cotton (~1 cm in diameter) moistened with distilled water to maintain humidity and a ~1 cm 3 piece of artificial diet were deposited into the plastic container. Daily observations were made to verify the survival and development of the larvae by collecting shed head capsules. The head capsules of each larva were individually stored in micro tubes and measured using a microscope. When the head capsule was consumed by the larva and therefore could not be recovered, changes in instars were documented by comparing the size of the larva in question with other, contemporaneous larvae. The diet and the moist cotton of each vial were replaced daily.
Head capsules were measured based on the distance between the frontal setae (Podoler & klein 1978) , instead of the traditional method of measuring the distance between genas (Pérez et al. 2005) . The distance between the frontal setae was used to compare development of the larvae that went through six and seven instars. The distance between genas was only measured in the first and in the last instars, to allow comparison with data available in the literature.
When the larvae reached the prepupal period, characterized by a decrease in size and interruption of feeding activities, the insects were transferred to another container (translucent plastic container, 10 cm diameter, 5 cm height) with expanded vermiculite moistened with distilled water. The prepupa builds the pupal chamber attached to the wall of the container, which makes it possible to observe metamorphosis and to determine the end of the prepupal period.
Growth ratio was determined by measuring the frontal setae of each instar of 30 randomly sampled larvae (15 of each sex) that reached the sixth instar. All larvae in the seventh instar (n = 13) had their frontal setae measured for each instar (Table 3) . The mean growth ratio for each instar was calculated by subtracting the value obtained for that instar from the previous instar.
Considering the polyphagous habits f S. cosmioides and the fact that a compilation of its larval hosts is not available, a survey of its host plants was conducted based on literature records. In this survey, the hosts recorded for misidentified S. cosmioides in Argentina, Brazil and Uruguay (cited as S. latifascia, S. litura and S. ornithogalli) were also considered. The host list includes the family, scientific and common names and references of each putative host. Furthermore, new records of host plants in Brazil are included, from surveys conducted by the authors, who collected suspect larvae feeding in the field and subsequently identified the adults in the laboratory.
The pupae were kept in the same container and under the same conditions as the prepupae. Moisture was controlled daily. Sex determination was performed on the second day after pupation, when the cuticle was further hardened, following angulo & Jana (1982) . Pupal weight was measured using a high precision semi analytical balance. Considering that precise sex determination is only possible during the pupal stage, each neonate was individualized throughout the study up to pupae, to guarantee that its sex could be determined and traced back to the larval stages.
The biological parameters, such as stage duration, size and weight were analyzed using descriptive statistics, after calculation of means and standard deviations. When necessary, means were compared using a t-test assuming unequal variances, at a significance level of 5%.
RESULTS
The overall survival of the immature stages of S. cosmioides was approximately 90% (Table 1 ). The duration of the embryonic period varied from three to four days (Table 1) .
The survival of the larval stage, including the prepupal period, was 95.33%, a little more than observed for the pupa. Most larvae (95.20%) went through six instars, but 13 females (4.80%) had seven instars (Table 2) The total development time of the female larvae that went through six instars was significantly longer than the total development time of male larvae ( Table 2 ). The development time of the third instar was the same for both sexes.
Female larvae that went through seven instars took longer to complete their development than female larvae that completed six instars (Table 2) . However, through the fourth instar, larval development time was the same for the two groups. The prepupal development time did not differ between the sexes or between larvae that went through six and seven instars (Table 2) .
Differences between the sexes were only detected at the end of the larval development, in the sixth instar, when female larvae became larger than their male counterparts (Table 3 ). In addition, females that went through six instars were significantly larger than those that underwent seven instars (Table 3) . These size differences were significant during the fifth and sixth instars. However, the thirteen larvae that went through seven instars ended up larger (Table 3 ). The growth rate of female larvae that underwent six instars was faster than male larvae with the same number of instars. The growth rate of females that underwent seven instars was slower in comparison (Table 3) .
The cephalic capsule of first instar larvae was 0.289 ± 0.014 mm in width, and this did not vary between the sexes or between the six and seven instar larval groups. The mean width cephalic capsule of all last instar larvae was 3.232 ± 0.172 mm (n = 75). However, the mean width of the cephalic capsule of the last larval instar varied between females that went through six instars (3.350 ± 0.152 mm, n = 25), seven instars (3.241 ± 0.160 mm, n = 25), and males (3.104 ± 0.104 mm, n = 25). The mean width cephalic capsule of all last instar larvae was 3.232 ± 0.172 mm (n = 75). (Table 4 ). The botanical families with the greatest number of host plants include Solanaceae (15), Fabaceae (14), Asteraceae (10) and Poaceae (8). The current list of host plants of S. cosmioides includes cultivated and natural species, with an increase in the number of species that are considered weeds (Table 4) .
The sex ratio, determined from 137 females and 134 males in the pupal stage, was 0.51, which does not differ significantly from a 1:1 ratio (x 2 = 0.07, p = 0.796). Pupal weights varied within each sex, and some pupae weighted approximately half of the others (Table 5) . Pupae from females with six instars were heavier than their male. Pupae from females with seventh instar, on average, were the heaviest (Table 5) .
DISCUSSION
In the present study, the overall survival of immature S. cosmioides reared on artificial diet under controlled conditions and minimal interference was approximately 90% (Table 1) . This demonstrates that the diet and methodology used in this study to rear S. cosmioides are appropriate, as they were for S. albula, S. eridania and S. dolichos (Montezano et al. 2013a S. eridania and S. dolichos (Montezano et al. , 2014b S. eridania and S. dolichos (Montezano et al. , 2015a . The survival rate of all these species was higher than 75%, recognized by Singh (1983) as a threshold for artificial diets to mass rearing insects. The relatively high egg viability and fecundity values observed (Table 1) are common for Spodoptera species. Previous studies have documented that multiple mating in Spodoptera enhances their reproductive capacity, including fertility (kehat & gordon 1975 , Sadek 2001 , Sadek & anderSon 2007 , BuSato et al. 2008 , Milano et al. 2008 , Montezano et al. 2013b , 2014a , 2015b , SPeCht et al. 2016 . The incubation period of S. cosmioides was variable. It was longer than observed for other smaller Spodoptera species at the same temperatures, for instance S. albula (Montezano et al. 2013a ) and S. eridania (Montezano et al. 2014b ). However, it was similar to that observed for the same species (S. cosmioides) in the same temperature on natural host plants (BavareSCo et al. 2003 , CaBezaS et al. 2013 ) and artificial diets (BavareSCo et al. 2002) , but lower than that observed for a larger species, S. dolichos (Montezano et al. 2015a ). These observations indicate that an increase in size positively influences the duration of the embryonic period of Spodoptera.
The overall larval survival was also high (Table 1) (Table 2 ). These results indicate that diet and rearing conditions were satisfactory for the larval development of S. cosmioides in the laboratory.
Additional larval instars have been reported by previous studies on Spodoptera species, including S. cosmioides (e.g., Parra et al. 1977 , SantoS et al. 1980 , and were associated with unsuitable food plants (e.g., Mattana & FoerSter 1988 , CaBezaS et al. 2013 or artificial diet (BavareSCo et al. 2004) . In a study by BavareSCo et al. (2004) , two more adequate artificial diets were used, 17.6 and 20.7% of the larvae of S. cosmioides experienced an additional instar, whereas on a less adequate diet, only 50% of the larvae had seven instars. They did not, however, discriminate the sexes. Typically, the number of instars tend to increase under adverse rather than favorable conditions and most common factors influencing the number of instars include temperature, photoperiod, quantity and quality of food, humidity, injuries, inheritance, and sex (eSPerk et al. 2007 ). This observation is consistent with the compensations scenario, according to which additional instars are added under unsuitable conditions, when larvae fail to reach a species-specific threshold-size with the "normal" number of instars. The results of this study (Tables 2-3) and those using other species under the same conditions (Montezano et al. 2013a (Montezano et al. , 2014b (Montezano et al. , 2015a indicate that females may need an additional instar because their final size is larger than males.
The larval developmental time of S. cosmioides, including the prepupal period (Tables 1-2) , was similar to results obtained with natural host plants (BavareSCo et al. 2003 ) and artificial diet (BavareSCo et al. 2002 (BavareSCo et al. , 2004 . Female larvae that went through seven instars ( There was a significant difference in the overall developmental time between male and female larvae of S. cosmioides that underwent six instars ( Table 2 ). The sex differences in the duration of the stages was significant from the fourth instar and agree with reported for S. albula, S. eridania and S. dolichos reared under same conditions (Montezano et al. 2013a (Montezano et al. , 2014b (Montezano et al. , 2015a .
The mean width of the larval head capsule of 75 specimens in the first (0.289 mm, SD = 0.014) and last The growth rate decreased progressively until the last instar (Table 3 ). This decrease in rate was similar for both sexes and was especially noticeable in female larvae that underwent seven instars. A similar decrease in growth rate was also observed for S. eridania (Mayer & BaBerS 1944 , Parra et al. 1977 , valverde & SarMiento 1987 , Mattana & FoerSter 1988 The 126 host plants documented for S. cosmioides (Table  4 ) corroborate the polyphagy habit described by several authors (e.g., Silva et al. 1968 , PaStrana 2004 , Pogue 2002 . The large number of host plants utilized by S. cosmioides (Table 4) (Table 4) .
The larval development times obtained for female S. cosmioides were slower than for males (Table 2) , which again is consistent with what has been observed in several Spodoptera species (e.g., BavareSCo et al. 2004 , Farahani et al. 2011 , nagoShi 2011 , Montezano et al. 2013a , 2014b , 2015a . However, the delay on the development of females during the larval stage was compensated by a shorter pupal period. In the end, males and females emerged as adults during the same period. This result demonstrates how important it is to account for larval developmental time differences between males and females.
The weight difference between the sexes during the pupal stage is relatively well documented among Spodoptera (e.g., haBiB et al. 1983 , Mattana & FoerSter 1988 , BavareSCo et al. 2004 , SantoS et al. 2005 , Xue et al. 2010 , Montezano et al. 2013a , 2014b , 2015a ) and other Lepidoptera. The larger size of females that went through seven instars (Table 5 ) is attributed to the additional instar (e.g., eSPerk et al. 2007 , nagoShi 2011 , Montezano et al. 2013a , 2014b , 2015a .
This study increases the biological knowledge of S. cosmioides, an important pest of native and exotic plants of South America (e.g., Silva et al. 1968 , Biezanko et al. 1974 , PaStrana 2004 . Detailed information about its biology is critical, particularly with respect to the larval stage, which has the potential to cause economic loss in several commercial crops such as agroenergy plants, cotton, eucalyptus seedlings and soybean (e.g., SantoS et al. 1980 , haBiB et al. 1983 , SantoS et al. 2005 , CaBezaS et al. 2013 ).
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